Background {#Sec1}
==========

Type-2 diabetes (T2D) has become one of the main causes of morbidity and early mortality in most countries. It is expected that its prevalence will double by 2030 and that it will become the seventh leading cause of death worldwide \[[@CR1]\]. Therefore, there is a growing interest in the translation of the promising results obtained by several clinical trials in the prevention of T2D through educational interventions to change lifestyles \[[@CR2]--[@CR6]\], into "real-world" clinical practice conditions \[[@CR7]--[@CR9]\]. Unfortunately, this step is not at all easy. The widespread adoption of a promising experimental health intervention does not automatically follow from research proving its efficacy, let alone in the specific context of primary health care (PHC), characterized by work overload, with shortages of time and training. In recent years, there have been several initiatives assessing the transfer of T2D prevention interventions involving the promotion of healthy lifestyles to the real context of PHC \[[@CR7]--[@CR10]\]. However, most of these studies have used non-randomized designs or no comparison groups, were not set up and implemented under real-world conditions of PHC or relied on additional resources, and/or did not include change in the incidence of T2D among the outcome variables. These methodological limitations and mixed results of the majority of the studies raise doubts as to whether the implementation of such programs in normal clinical working conditions can achieve relevant clinical results while maintaining feasibility and sustainability \[[@CR7]\].

The translation of evidence-based interventions into routine clinical conditions is a complex challenge and consequently there is a gap between what is known to be effective and what is actually done in the course of routine care in health systems worldwide \[[@CR11]\]. Implementation research has emerged in the last decade as a promising way to advance knowledge on how to integrate interventions and treatments of proven efficacy, that are not being widely and sustainably applied, into routine clinical practice. It can be defined as the scientific study of strategies to promote the systematic, widespread, sustainable and continuous adoption of clinical research findings in routine practice. In this growing field of implementation research, one of the important aspects considered in order to ascertain how to enhance the effectiveness, feasibility and sustainability of interventions is their process of implementation \[[@CR12]\]. The development, implementation and evaluation of complex health interventions require careful consideration of not only outcomes obtained but also of the processes involved \[[@CR13], [@CR14]\].

Process evaluations conducted within trials investigate the implementation, receipt, and setting of an intervention and help in the interpretation of the outcome results and in ascertaining the true implications of interventions in actual practice \[[@CR14], [@CR15]\]. Specifically, process evaluation regarding sampling, recruitment, reach and intervention quality facilitate the interpretation of results and help to explain discrepancies between expected and observed outcomes \[[@CR16]\]. Process evaluations are especially necessary in multisite trials, where the "same" intervention may be implemented and received in different ways, and consequently may enable us to assess fidelity, monitor intervention doses, and understand how context influences outcomes. This type of process data should be evaluated before the analysis of intervention effects since the results of this evaluation may complete or correct the analysis. On the other hand, a better understanding of program implementation and the barriers and facilitators experienced may also help identify opportunities for optimizing intervention delivery and may inform future implementation and rollout of the intervention in other contexts and settings, and how interventions could move from research to practice. \[[@CR14], [@CR17]\]. These other types of process data are usually collected at a later stage \[[@CR16]\].

In 2010, the Department of Health of the Government of the Basque Country launched the "Strategy for Tackling the Challenge of Chronicity in the Basque Country" \[[@CR18]\]. Among other initiatives, this department commissioned a pilot study of the implementation of a primary program for the prevention of T2D in 14 primary care centers of the Basque Health Service (Osakidetza). Additionally, it funded an independent assessment of the results to provide a basis for future rollout of the program to the other primary care health centers as a new approach to the prevention of T2D in the Basque Country. The Prevention of Diabetes in Euskadi (PreDE) project aims to perform the aforementioned independent evaluation and its primary scientific objective is to assess the effectiveness and feasibility of a T2D prevention intervention involving the promotion of healthy lifestyles in patients who are at high risk of developing the disease, under normal working conditions in primary care in Osakidetza, using an experimental a phase IV clinical trial design \[[@CR19]\]. The present study refers to a preliminary process evaluation of the PreDE project. The main objectives of the study are: (1) to document the content of the intervention program actually executed to prevent T2D in the collaborating centers following the use of a classical passive implementation strategy, and to analyze the process indicators of their implementation in the routine context of PHC, and (2) to describe findings related to clinician adoption, patient recruitment, exposure to intervention components and patient baseline characteristics that will help with the interpretation of the PreDE clinical trial results.

Methods {#Sec2}
=======

Study design and setting {#Sec3}
------------------------

This is an observational descriptive process study of the 2.5-year commissioned implementation of a T2D primary prevention program in 14 PHC centers in Osakidetza that are participating in the PreDE cluster randomized trial (ClinicalTrials.gov NCT01365013). The participating 14 primary care centers were randomly assigned to the intervention or control groups. The PreDE research study was reviewed and approved by the Basque Country Clinical Research Ethics Committee (Ref: 10/2010). Our health service provides universal coverage that is free at the point of use, aside from co-payment for drugs, funded through regional general taxation. Each citizen is included on the list of one family physician or pediatrician who offers comprehensive primary care and constitutes the gatekeeper for referral to hospital services. Primary care professionals work in full-time PHC teams, including family physicians, pediatricians, nurses, and administrative staff based at local centers providing access to health care for users in a defined geographical area.

Eligibility and recruitment {#Sec4}
---------------------------

Non-diabetic patients aged between 45 and 70 years old, who were identified as being at high risk of developing T2D, were eligible for study inclusion in each of the two centers selected by convenience in the seven regions in which the Basque Health Service is organized \[[@CR19]\]. The same system for identifying high-risk patients was set up in all the centers, based on the administration of the eight-item Spanish version of the validated Finnish Diabetes Risk Score (FINDRISC) questionnaire \[[@CR20]\]. All PHC service users aged between 45 and 70 years who attended one of the participating health centers for any reason during the recruitment period of the program were potential targets for the administration of the FINDRISC questionnaire. Subsequently, all patients detected as having a high risk (FINDRISC score ≥14) were invited to participate and given a patient information sheet. Exclusion criteria for being invited to enroll were doing regular vigorous exercise, or having known diabetes or any other chronic disease that made survival at 6 years unlikely, any condition that could interfere with the metabolism of glucose, or severe cognitive impairment. In all cases, the information sheet explained that they were going to be followed-up for a period of 24 months with annual medical check-ups consisting of blood lipid profile and glucose tolerance tests. In addition, for patients at intervention centers, it provided information on the intervention protocol. Informed consent was obtained from each patient who agreed to participate. Next, they were referred for an oral glucose tolerance test (OGTT) with 75 g of glucose in accordance with the World Health Organization guidelines and assessment of lipid profiles and glycated hemoglobin (HbA1C) levels. Patients who after the test were diagnosed with T2D were seen by their family physician and excluded from the study. At this stage, in the control health centers, high-risk patients with glucose levels below 200 mg/ml in the OGTT at the baseline assessments were included, while in the intervention health centers, patients were included if they obtained these results in the baseline assessments and also agreed to participate in the new educational intervention.

Intervention standardization {#Sec5}
----------------------------

Primary care nursing professionals from the seven intervention centers implemented the DE-PLAN (Diabetes in Europe -- Prevention using Lifestyle, Physical Activity and Nutritional-intervention) educational intervention program, while those in the seven control health centers provided usual care for the prevention and treatment of T2D based on the current clinical practice guidelines of Osakidetza. The DE-PLAN program for promoting healthy lifestyles (mainly diet and physical exercise) has two phases: (1) phase 1 consists of intensive intervention through educational sessions in small groups to encourage the abandonment of unhealthy habits and the adoption of healthy habits. Specifically, nurses run four 1.5-hour group sessions. Their objective is to motivate participants to adopt healthy lifestyle habits and to provide information concerning suitable diets and exercise, as well as agree on specific objectives for eating habits and physical activity, (2) phase 2 consists of continuous reinforcement for maintaining motivation through regular contact with participants. Once the intensive education intervention program has been completed, the participants regularly (at least once every 6 weeks) receive reinforcing educational information mainly via telephone calls from nurses through a health communication platform.

Implementation strategy {#Sec6}
-----------------------

The commissioned implementation strategy to adapt the intervention program to the setting and normal working conditions in the health centers in our health service consisted only in classical passive strategies of dissemination such as training and provision of resources (a screening tool embedded in the electronic health record system and educational materials to support educational sessions). The nurses in charge of the intervention group received a 14-hour training course focused on the content and procedures for the educational intervention. Additionally, they received a 5-hour training course on the procedures for screening and identifying patients, and this was also provided to nurses of the control group centers given that the system for screening and identifying patients was the same in both groups.

Measurements {#Sec7}
============

All data pertaining to recruitment, user demographic characteristics (age, sex, socioeconomic status) and clinical variables (chronic health problems, biological and clinical measures) are derived from data extracted from the electronic health records of Osakidetza. These data were encrypted and managed centrally, together with other measures to safeguard their anonymity and confidentiality, in accordance with the General Law on Data Protection and Patient Autonomy Law of the Spanish Government. Coordination and quality control of the process and execution of the study was the responsibility of the Primary Care Research Unit of Bizkaia in conjunction with the Informatics Department of Osakidetza.

The process and procedures for recruiting eligible patients among those attending the PHC centers was thoroughly assessed and described for both intervention arms, as was the intervention delivery process within the intervention centers. A program intervention matrix was designed for centers to describe the specific procedures (how, when, where), personnel and resources involved for each of the following intervention-related actions: screening of T2D risk among those who attended the center aged between 45 to 70 years, presentation of the informed consent and proposition for participation, baseline clinical testing, annual clinical testing follow-up and educational intervention organizational arrangements and performance. This matrix was sent to and fulfilled by health care professionals before fieldwork period finished and returned to the research team. Doubts were resolved by phone interview with health care professionals.

In order to help the interpretation of process results regarding the impact of the program's translation to the real-world context of PHC, we used the Reach, Efficacy, Adoption, Implementation, Maintenance (RE-AIM) framework \[[@CR21]\] for evaluating the effectiveness and transferability of health behavior programs in terms of public health significance. This framework states that assessment of the public health impact of programs requires more than efficacy testing. Programs must reach a diverse and representative sample of the population at risk. They must be realistic to adopt in specific practice/clinical settings and must be able to be implemented as planned. Lastly, programs must also be maintained over time in a sustainable way by the individual and the practice/clinical setting. Taken together these dimensions determine the overall impact of a program at the population level. Specifically, the indicators for each of the RE-AIM dimensions as they relate to the present process evaluation are:

Adoption (Practice/Center level):*A1-- Program participation by clinicians*: proportion of family physicians and nurses from the total staff that accepted to participate and have actively collaborated in the program execution.Reach (Patient level): exposure of patients to the program at each center:*R1-- Reach of the screening procedure among potential patients*: proportion of the 45- to 70-year-old non-diabetic patients who attended the center at least once during the program's recruitment period who had their risk of developing T2D assessed.*R2-- Reach of the intervention program among eligible patients*: proportion of the 45- to 70-year-old non-diabetic patients attending the center during the program's recruitment period and identified as having high risk of developing T2D who then received at least one intervention component (included patients).

Additionally, differences in refusal and inclusion rates and characteristics of those exposed to the intervention and control programs were assessed and described at group and center-within-group levels. Patient biological and clinical variables included weight, body mass index, cholesterol, glucose, triglyceride and blood pressure levels, and tobacco use. Level of multimorbidity was characterized in terms of the number of chronic health problems coexisting (from none to four or more) in the same patient, and was assessed by reviewing data for a 4-year period in patient clinical records and applying a list of 52 diseases and specific criteria to consider each disease active, based on previous work related to the burden of chronic conditions in the Basque Country \[[@CR22]--[@CR24]\].

We also evaluated variability in the main process indicators related to program exposure at group and center levels (e.g., study participation refusal rates among those identified as being at high risk) and the impact of recruitment procedures or strategies used on these indicators.

Implementation (Patient level): reception of intervention components as intended:*I1*: *Attendance of included patients to intensive educational sessions*. Description of the attendance of included patients (proportion of patients attending) for each of the different educational sessions and formats (group, individual and/or mixed intervention).*I2*: *Proportion of included patients completing the intensive educational intervention*. Proportion of included patients who attended all four programmed educational sessions.*I3*: *Reception of remote interventions for continuous reinforcement.* Proportion of patients who received remote support, having been contacted at least once or three or more times, mainly through telephone calls or by email.

Statistical analyses {#Sec8}
--------------------

Frequencies and the proportions were calculated for each of the process indicators. Means and proportions were used to describe patient characteristics for continuous and categorical variables respectively. One-way analysis of variance and chi-squared tests were conducted to determine differences in patient variables at baseline. Logistic regression was used (SAS PROC REG ver. 9.2, SAS Institute, Cary, NC, USA, 2009) to examine the relation of the different implemented strategies and procedures for recruitment and intervention program organization with process indicators related to program exposure. The statistical model for testing the association of implemented strategies and obtained reach included as covariates patient-level variables (age, sex, co-morbidity), and center-level variables (percentage of family physicians and nurses adopting the program), whereas models for the rest of the recruitment process indicators (efficiency of the screening for detecting at risk patients; refusal rate) and for the intervention completion indicator also included body mass index within patient-level variables. In order to account for and test a center variability effect, previous models were extended to generalized random effect models with a random effect at center level (SAS PROC GLIMMIX). This test was also performed to determine and adjust for variability due to center in the group baseline differences in patient variables

Results {#Sec9}
=======

Adoption among health care professionals {#Sec10}
----------------------------------------

Overall, in the seven intervention centers, only 28 from a total of 89 (31.4 %) family physician staff accepted and actively collaborated in the study, while this figure was 49 from a total of 85 (57.6 %) for practice nurse staff (Fig. [1](#Fig1){ref-type="fig"}). In the control centers, 43 from 100 of family physician staff and 64 from a total of 93 (68.8 %) practice nurse staff actively collaborated. A high variability in participation rate can be observed at center level. Less than the half of physicians collaborated in four of the intervention centers and in four of the control centers. The lowest participation rate of nurses in the intervention centers was 25 %, yet in five of them more than the half of nurses collaborated.Fig. 1Flow of participant recruitment

Program implementation procedures {#Sec11}
---------------------------------

Additional file [1](#MOESM1){ref-type="media"} (see Additional file [1](#MOESM1){ref-type="media"}. Table outlining the procedures and strategies used by each center) sets out the specific procedures employed in centers for each intervention-related action (screening of T2D risk, informed consent and invitation to participate, clinical tests, organizational arrangements and delivery of the educational intervention). Overall, screening of T2D risk among potential patients was mainly performed by collaborating nurses in routine or programed consultations. In some of the centers, family physicians occasionally collaborated in the organization of screening procedures. Other procedures used with the intention of increasing screening rates were assessing patients when they attended the center for other activities (wound care or tests), placing posters and paper-based screening questionnaires in the center's waiting rooms, and organizing 1-day public screening in the street. In some centers, a more specific strategy was agreed for selecting potential patients for screening (e.g., those having an additional risk factor such as obesity).

In the case of a patient being identified as high risk of developing T2D, most of the collaborating centers invited them to participate in the study and gave them informed consent forms directly after completing the screening. In contrast, some centers gave patients more time to reflect and invited them for an additional consultation in which they were asked whether they agreed to participate. Baseline clinical testing was mostly performed in collaborating centers, but with variations in the schedule offered (1 day versus various days). Four of the centers were unable to offer the blood tests and/or OGTTs and hence participants were sent to the referral hospital. Feedback on clinical testing was given over the telephone or during in-person appointments with the nurse or the family physician. The annual follow-up clinical testing was performed on 2 days in most of the centers, with OGTTs and other blood tests on one day and the rest of clinical measurements (weight, blood pressure, etc.) on another.

Within the centers allocated to the intervention group, organizational arrangements for the intervention were mainly performed by collaborating nurses who, after agreeing on a timetable for the educational workshop sessions, contacted patients by telephone. Patient preferences on the timing of sessions were only taken into account in one of the centers. Regarding timetable and format, most of the centers offered patients the possibility of attending in the morning or the afternoon and a group format, but with the option of individual sessions on request. Two centers offered only morning or only afternoon workshops, while one of the centers offered only group-format workshops. All centers except one ran the educational sessions in the center itself.

Recruitment of patients among groups {#Sec12}
------------------------------------

Figure [1](#Fig1){ref-type="fig"} and Table [1](#Tab1){ref-type="table"} present the flow diagram and the process indicators of the recruitment and intervention delivery process. In short, from the 67,293 target patients aged 45 to 70 years who attended the centers during the recruitment period, a total of 4170 patients were approached through the screening of risk for T2D (FINDRISC). Within the comparison groups, 1993 from 37,321 and 2177 from 29,972 were approached in the control and intervention centers respectively. Thus, the reach of this screening at the potential target population level in routine context of PC (R1) was 5.3 % in the control group and 7.3 % in the intervention group. Of those approached, 1076 (54 %) and 1052 (48.3 %) patients were identified as being at high risk of developing T2D (FINDRISC ≥14 points). When presented with the project information sheets and informed consent forms, 355 (33 %) and 459 (43.6 %) of the high-risk patients refused to participate in the study while 721 and 593 were referred for baseline OGTTs and clinical assessment in the control and intervention centers respectively. This translates into an absolute between-group difference in participation rate of 10 %. In the statistical analysis of the significance of this difference, considering the clustered nature of data of participants within centers and a between-cluster randomization design, the parameter estimating the effect of the group was not significant (*p* = 0.27), while the hypothesis test regarding the significance of the "center" random effect was highly significant (*p* \<0.001).Table 1Variability in patient recruitment process indicators among comparison groups and collaborating centersPHC centerMonths recruitingAttendeesFINDRISCScreening reachAt risk of T2DOGTT performedRefusal rateNon- diabeticIncluded in study*n* Total*n* Total*n* (%)*nn* (%)*n*Intervention centers SV24.540972566.2 %158 (61.7 %)11427.8 %100 (87.7 %)77 GK25.774402823.8 %212 (75.2 %)11644.3 %98 (84.5 %)82 BL20.8206829614.3 %116 (39.2 %)5255.2 %47 (90.4 %)39 LG18.6195139120.0 %125 (32.0 %)5754.4 %52 (91.2 %)51 DB28.262291252.0 %100 (80.0 %)5941.0 %56 (94.9 %)54 IZ26.151064568.9 %260 (57.0 %)16237.7 %143 (88.3 %)123 AR17.6308137112.0 %81 (21.8 %)3359.2 %32 (96.7 %)28Total29,97221777.3 %1052 (48.4 %)59343.3 %528 (88.4 %)454Control centers ZU28.646323106.7 %219 (70.6 %)17619.6 %146 (83.0 %)146 LL25.450412565.1 %150 (58.6 %)10628.7 %93 (87.7 %)93 TX19.4392850913.0 %165 (32.4 %)8243.0 %78 (95.1 %)78 AZ25.833703259.6 %205 (63.1 %)16319.0 %143 (87.7 %)143 IR14.962271282.1 %79 (61.7 %)4145.6 %35 (85.4 %)35 AB22.755891833.3 %138 (75.4 %)10026.8 %90 (90.0 %)90 SM26.385342823.3 %120 (42.6 %)5354.2 %49 (92.4 %)49Total37,32119935.3 %1076 (54.0 %)72133.0 %634 (88.3 %)634*T2D* type-2 diabetes, *FINDRISC* Finnish Diabetes Risk Score, *OGTT* oral glucose tolerance test, *PHC* primary health care

After performance of the baseline OGTT, 87 (11.7 %) and 65 (10.9 %) of patients were diagnosed with unknown diabetes with glucose levels of ≥200 mg/ml and excluded from the study. Therefore, 634 45- to 70-year-old non-diabetic patients who were at high risk of developing T2D were included in the control group centers, while in the intervention arm, 454 patients were finally included, as 74 patients despite consenting did not actually participate in the intervention due to difficulties attending the sessions. Thus, after removing the proportion of diagnosed unknown diabetes (11 %) from those detected as being at high risk (*n* = 1052), the estimated reach of the intervention program to eligible 45- to 70-year-old non-diabetic patients who were at high risk of developing T2D (R2) was 48 %.

Characteristics of included patients among groups and centers within groups {#Sec13}
---------------------------------------------------------------------------

As described in Table [2](#Tab2){ref-type="table"}, included patients had a mean age of 59 years, and almost two thirds were women (62.3 %). More than a half were obese (55.5 %) and had two or more chronic diseases (52.4 %), while 13 % were smokers. All measured personal and clinical characteristics were balanced between groups except for sex with a higher percentage of included patients being women in the intervention group (66.6 % versus 58 % in the control group; *P* = 0.05, controlling for center variability). A notable variability was evidenced at center level: the percentage of included patients who were women ranged from 48.6 to 69.7 % and from 51.2 to 81.1 % in collaborating centers in the control and intervention groups (gender distribution in collaborating centers not shown) respectively, this center variability being highly significant (*p* \<0.003).Table 2Baseline characteristics of included patientsControl (*n* = 636)DE-PLAN (*n* = 454)Age59.3 (6.9)59.3 (6.9)% women58.0 %66.5 %Weight, kg82.9 (15.2)80.8 (14.8)Body mass index, kg/m^2^31.0 (4.7)31.0 (5.0)% overweight38.0 %35.0 %% obese55.4 %56.0 %Cholesterol levels, mg/dL213.7 (34.7)217.0 (34.5)Triglyceride levels, mg/dL124.5 (65.9)122.7 (60.6)Glucose levels, mg/dL104.6 (11.8)104.5 (12.4)Systolic blood pressure, mm/Hg134.7 (15.5)132.5 (14.3)Diastolic blood pressure, mm/Hg80.9 (9.6)80.4 (8.8)% elevated blood pressure10.5 %10.8 %% smokers13.2 %12.6 %Co-morbidity (%)016.6 %15.7 %132.7 %30.3 %224.4 %25 %314.2 %13.7 %4 or more12.1 %15.3 %*DE-PLAN* Diabetes in Europe -- Prevention using Lifestyle, Physical Activity and Nutritional-intervention

Variability in program implementation indicators at center level {#Sec14}
----------------------------------------------------------------

The main recruitment process indicators varied among collaborating centers (test for the random effect, *p* \<0.001). Screening reach ranged from 2.1 to 13 % in the control group, and from 2 to 20 % in the intervention group. There was also considerable variation in the efficiency of the screening procedures at finding individuals who were at high risk of developing DT2, the percentage of patients found to be at risk out of all those assessed ranging from 21.8 to 80 % in the intervention group, and from 32.4 to 70.6 % in the control group. As previously mentioned, refusal rate varied significantly across the collaborating health centers (*p* \<0.001): the lowest and highest refusal rates were 27.8 % and 58 % in the intervention group, and 19 % and 54.2 % in the control group.

Impact of employed procedures on process indicators {#Sec15}
---------------------------------------------------

Table [3](#Tab3){ref-type="table"} displays the associations of strategies carried out by centers to execute the program components and the main process indicators related to recruitment and intervention completion. Centers that used massive screening strategies, namely, assessing potentially at-risk patients attending the procedure/wound care room or for diagnostic/clinical tests, or placing posters and questionnaires in corridors and waiting rooms, tended to obtain a higher reach but lower rates of efficiency in detecting high-risk patients. In contrast, those centers that employed a more specific strategy for selecting potential patients for screening (i.e., those having an additional risk factor such as obesity) had a lower reach but higher efficiency rates for detecting at-risk patients out of the total assessed. After controlling for covariates at patient (sex, age, co-morbidity) and center (percentage of collaborating family physicians and nurses, center as a random effect) levels, implementing a more specific screening strategy was significantly associated with obtaining lower reach rates (OR = 0.36; 95 % CI: 0.11 to 0.86), and with a higher likelihood of obtaining a positive risk test among patients assessed, this being 3.2-fold higher (95 % CI for OR = 2.08 to 4.93).Table 3One-way adjusted associations between implemented program procedures and strategies, and recruitment and intervention completion process indicatorsVariableReach of the screening^a^Efficiency of the screening^b^Refusal rate^b^Completion of intervention^b^Massive screening strategies0.69 (0.19--2.50)0.57 (0.26--1.23)2.34 (1.08--5.07)N.A.Targeted screening strategy0.36 (0.11--0.86)3.2 (2.08--4.93)0.29 (0.18--0.47)N.A.Additional appointment for informed consentN.A.N.A.3.34 (1.36--8.21)N.A.Baseline test offered on only one specific dayN.A.N.A.0.73 (0.08--6.59)N.A.Blood test out of centerN.A.N.A.2.15 (0.81--5.75)N.A.Intervention offered at one time of day onlyN.A.N.A.N.A.0.72 (0.40--1.30)Values are odds ratios (95 % confidence interval); *N.A*. not applicable, ^a^Model 1: adjusted for patient-level variables (age, sex, co-morbidity) and center-level variables (percentage of family physicians and nurses adopting the program) and center random effect, ^b^Model 2: same adjustment as ^a^, but including body mass index within patient-level variables. Center random effect in all tested models *p* \<0.001

Three of the strategies used were associated with refusal rates. Refusal to participate in the study was twice as likely in centers that used massive screening strategies (OR = 2.34; 95 % CI: 1.08 to 5.07). Higher rates of refusal to participate were also more frequent in centers in which patients had to attend an additional consultation to communicate their decision on whether to participate and provide written informed consent (OR = 3.34; 95 % CI: 1.36 to 8.21) compared to those in centers where patients were given the informed consent form on the same day as the screening test. In contrast, a lower refusal rate was associated with use of targeted screening based in additional risk factors (OR = 0.29; 95 % CI: 0.18 to 0.47). The effect of other strategies (e.g., blood tests being performed outside the center) was not significantly associated with refusal rate beyond the aforementioned significant variability at center level.

Implementation of the intervention at patient level {#Sec16}
---------------------------------------------------

As described in Table [4](#Tab4){ref-type="table"}, 454 from a total of 528 eligible patients (45- to 70-year-old non-diabetics who were at high risk of developing T2D) initiated the intervention, translating to a reach of the intervention program of 48 %. Regarding the format on the received intervention, the majority of intervention patients (*n* = 418) selected the group format, while 28 and 8 chose individual or mixed formats respectively. Out of all included patients, 358 (78.8 % of those included in the intervention group) completed the intervention program, attending all of the scheduled workshop sessions (330 group format; 20 individual format; 8 mixed format). At least three sessions were completed by 52 patients (11.3 %), while 19 patients (4.1 %) completed two sessions and 25 (5.7 %) completed only one session. Ongoing remote support via telephone calls or emails was received by 91 % of intervention patients, with 85.8 % of them receiving five or more contacts. Lastly, regarding the organization of the workshop sessions, offering only one timing, morning or evening, was not associated with intervention completing rate (OR = 0.72; 95 % CI: 0.40 to 1.30), after controlling for patient-level covariates and "center" random effect as a source of variation.Table 4Variability in intervention-related process indicators among collaborating centers allocated to the intervention groupPHC centerIntervention reach^a^Educational sessions completedIntervention format (% group, individual, mixed)Reception of ≥5 remote support contactsSV54,7 %96.1 %98.7 %, 1.3 %, 0 %94.8 %GK44,7 %80.9 %100 %, 0 %, 0 %79.8 %BL36,8 %82.5 %89.7 %, 7.7 %, 2.6 %77.5 %LG44,4 %92.2 %62.7 %, 37.3 %, 0 %92.2 %DB56,8 %64.8 %90.7 %, 5.6 %, 3.7 %81.5 %IZ52,8 %66.7 %100 %, 0 %, 0 %86.2 %AR35,6 %75.9 %75 %, 1 %, 17.9 %86.2 %Total47,9 %78.8 %92.1 %, 6.2 %, 1 .8 %85.8 %^a^Calculated as the proportion of patients included in the intervention from those detected as being at high risk of T2D after removing the proportion of diagnosed unknown T2D patients in each of the centers

Discussion {#Sec17}
==========

The present study aimed to evaluate the process indicators regarding the commissioned implementation of a T2D primary prevention intervention program in routine conditions of PHC, in order to facilitate subsequent analysis of effects and their interpretation and to inform future optimization of the implementation in clinical practice. In short, the main results of this process evaluation showed that the implemented strategy, primarily based on classical passive strategies of dissemination such as training and provision of resources, attained modest-to-good process indicators related to adoption, reach, and implementation of the intervention program. However, there was evidence of a notable variability in process indicators by center.

As underlined by the RE-AIM framework, one of the major factors determining the potential impact of programs is that they must be appealing to health care providers and realistic to implement in practice settings. The literature points to competing demands and lack of time as the main reasons for refusal to participate among PHC professionals \[[@CR25]\]. In the present study, rates of adoption of clinicians within centers were fair but improvable, especially among family physicians. In five out of seven centers in each of the comparison groups, the program adoption rate has exceeded 50 % among nurses, and only in two centers in each of the groups was the level of collaboration similarly high among family physicians. We are unable to compare these adoption rates with the findings of other studies on the translation of diabetes prevention programs as they do not report these types of data regarding the rate of adoption among health care professionals.

Overall, the reach of the screening procedures to identify individuals at risk of developing T2D among 45- to 70-year-old PHC users was 6.2 % (range 2 to 20 %).

Though these figures could be considered low, they must be considered valuable as the program has been conducted in the real context of primary health care delivery process without altering usual working conditions. All patients of that age strata who attended the centers due to any possible health complication were potential participants and were addressed by professionals after resolving the problem that caused their attendance. Other studies aimed at translating a T2D primary prevention program to PHC have attained higher reach indicators ranging from 44 to 56 %, but after conducting a previous selection of patients from electronic health records and contacting them by letter or telephone \[[@CR26]--[@CR28]\]. The present study covered a much larger and broader target population than similar translation studies of T2D primary prevention in PHC, without a previous selection procedure of eligible patients being carried out, thus better reproducing the real-world conditions of PHC services. Nevertheless, between-center variability in attained reach shows that figures could be improved and this warrants further investigation on how to achieve a higher but tolerable reach.

Around half of the 45- to 70-year-old patients attending PHC who were assessed were detected as having a high risk of developing T2D (FINDRISC score ≥14), a figure within the range previously reported in the literature \[[@CR29]\]. However, as occurred with the reach of the screening there was substantial within-group center variability in the efficiency in detecting high-risk patients. Though all centers were instructed to approach patients and screen considering only patient age (i.e., "all patients attending the health center aged between 45 and 70 years"), some centers targeted the screening to high-risk patients, while others employed more universal strategies. These different procedures affected both reach rates and efficiency in detecting individuals who were at high risk of developing T2D: the more massive screening strategies had higher reach among attending users but lower percentages of detection of high-risk patients, the opposite occurring in centers that restricted the screening strategy by only assessing those with additional risk factors.

Not all the patients detected as having a high risk of developing T2D were finally included in the study. The research-related operational and ethical requirements, and the real-world context of PHC together with an evidenced variability in procedures and strategies adopted between centers, have determined two major issues that could affect future analysis and interpretation of the program's effects: differences in refusal rates and in baseline comparability among comparison groups. First, a higher rate of refusal to participate in the study was encountered by collaborating clinicians in the intervention group centers. This may be attributable to the fact that these patients were not only asked to consent to the annual testing but also were invited to attend four educational workshop sessions. Second, after exclusion of a considerable proportion of undiagnosed cases of T2D (approximately 12 % in both groups), a higher proportion of women were included in the intervention group, pointing to a possible selection bias. These two sources of potential confounding would threaten the internal validity of a phase III clinical trial under controlled conditions \[[@CR30]\]. In the case of a phase IV implementation trial, aiming to conduct a broad evaluation of the translation of proven efficacy interventions into routine care, the focus should be on external validity and generalizability, thus assessing effectiveness in heterogeneous, unselected populations and real-world clinical settings \[[@CR30], [@CR31]\]. In any case, and taking the worst case scenario of analyzing this clustered trial as an observational study, rigorous analytic procedures will need to be used in the analysis of effects of this intervention in order to reduce and deal with the possible confounding and context-specific variability \[[@CR32]\].

When analyzing the source of observed differences in refusal rates and in the proportion of women included, three important factors must be noted. First, as previously observed with the screening reach and its efficiency at detecting high-risk patients, refusal rate is associated with procedures and strategies for recruitment. Specifically, centers that used massive screening strategies and those that did not obtain patient consent to participate directly after the screening (offering an additional consultation) had higher odds of refusal. Second, strong between-center variability was present even after adjusting for the effect of group, these differences between centers being at least as relevant as those observed at group level for explaining differences in both refusal rates and percentage of women included. Lastly, considering that a passive implementation strategy reduces the possibility of a standardized implementation of programs, leaving the responsibility for program organization decision-making to health professionals themselves, this observed variability at center level could be expected. Variability in program adoption by professionals among different sites and in program reach and implementation indicators have also been reported in other implementation trials \[[@CR33], [@CR34]\]. Every center has a different context and thus implementation strategies must be targeted and adapted to that specific context. Even after a hypothetical adaptation, results and products would be context specific as changes are common when implementing interventions in practice settings \[[@CR35]\]. Therefore, a lesson learned from the current process evaluation is that context is crucial, this meaning that, when using passive strategies for implementation, an a priori standardized intervention would be implemented in different ways in different settings resulting in different process and possibly clinical outcomes \[[@CR33], [@CR36]\].

Evidence has clearly demonstrated that T2D can be prevented or delayed in at-risk individuals through intensive healthy lifestyle counseling \[[@CR7]--[@CR10]\]. The reach of the intervention program of 48 % out of all the eligible pre-diabetic patients identified can be considered as moderate \[[@CR37]\]. Moreover, the quality of the intervention program implementation can be considered good, as more than 80 % of the patients in the intervention group finally included received all the components of the educational intervention program. This overall program attendance rate is within the range of other diabetes primary prevention programs in PHC \[[@CR8], [@CR37], [@CR38]\]. Again, program completion rates varied between intervention centers but it was not associated with the flexibility in the schedules and formats offered by centers.

To the best of our knowledge, this is the first study assessing the main process indicators of a translation of a T2D prevention program in the routine PHC context. However, the present study has several limitations. First, the process evaluation refers to 14 selected centers. Although collaborating centers seem to be quite diverse, they may not be representative of all PHC centers across our health service. In addition, though we have described some characteristics regarding representativeness, in terms of PHC size and composition, socio-economic status of attended populations, and so on, a lack of some other types of information regarding specific context characteristics may limit the interpretation of results. Though the external validity of the study could be questioned, implementation trials aim to conduct a broad evaluation of the translation of proven efficacy interventions into routine care, thus assessing results in heterogeneous, unselected populations and real-world clinical settings \[[@CR30], [@CR31]\]. Another limitation of the present study is that it is mainly based on quantitative data. Ascertaining the factors behind implementation heterogeneity from a qualitative perspective might help in the interpretation of results.

Conclusion {#Sec18}
==========

To determine whether a health promotion program is feasible when translated into the real-world clinical setting, important information regarding the main factors that affect external validity should be provided. The present process evaluation study reports on the adoption, reach, implementation and other process indicators attained by a T2D primary prevention program rolled out in PHC to determine its actual feasibility. The modest rates of adoption by clinicians and reach of the potential population reflect the difficulties of integrating a new intervention within the established functioning of care delivery in PHC. Moreover, observed variability of indicators at health care context level also points to the need to adapt the intervention components and their operation to handle the competing demands of routine health care services. A strong theoretically grounded implementation strategy to enhance the adoption and execution of an evidence-based clinical intervention, rather than the classical passive dissemination strategies used within the present commissioned implementation, might obtain better outcomes.
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CI

:   confidence interval

DE-PLAN

:   Diabetes in Europe -- Prevention using Lifestyle, physical Activity and Nutritional-intervention

FINDRISC

:   Finnish Diabetes Risk Score

OGTT

:   oral glucose tolerance test

OR

:   odds ratio

PHC

:   primary health care

PreDE

:   Prevention of Diabetes in Euskadi

RE-AIM

:   Reach, Efficacy, Adoption, Implementation, Maintenance framework

T2D

:   type-2 diabetes

*The PreDE Group*

Amara Berri PHC: Carmen Maturana Plaza, Carmen Mendinueta Maider de Miguel Sanz, Amaia Páez Viciana, María Lierni Linacisoro, María Pilar Sáenz, José Miguel Rengel, María José Salazar, Ángeles Asenjo, Coro Semperena, Esperanza Garde, María Asunción Aguirre, María Míguez, Mercedes Coloma, Nora Bergera.

Aranbizkarra I PHC: Isabel González Alonso, Concepción Isasmendi, Mercedes Torrecilla, Adela Soto, Marisol Areta, Enma Felipe, Mariví Cuervo, Ainhoa González, Flor Arbosa, Javier García y Nerea Gutiérrez.

Azpeitia PHC: María Jesús Arratibel Aguirre, Naiara Aramburu Sánchez, Irati Iza Arnaiz, Arantxa Azcune, Elena Lizaso, Janire Iparraguirre, Lourdes Goenaga, Ana Errasti, María Luisa García, Miren Elixabet Loyola, Amaia Arruti, Ascensión Benítez, Imanol Domínguez, José Luis Badiola, María Jesús Bernaras, Pedro Vidaror.

Bolueta PHC: Julia Huertas Fernández, Idoia Herrero Montiaga, Felix Menéndez Pérez, Judit Oribe Ruiz, Iñigo Alkiza, María Ángeles López Careaga, Alberto López González, Esperanza Diez, Nagore Arce.

Dumboa PHC: Benedicta Rodríguez, Juana María Álava Urrejola, Elena Erviti, Ana Cabrerizo, Eva Quintana, Lourdes De Juan, María Ochoteco, Arantza Inda, Judit Becerra, Carmen López, Itxaso Idoiaga, Isabel Roca, Maite Monge y Ana Isabel Cabrerizo.

Galdakao PHC: Marta Pérez Gómez, Mario Dolores Delgado Ansó, Mario del Camino Alegre Martínez, Marta Hierro Idirin, Pilar Etxebarria Villegas, Juan Ignacio Salgado Sáenz, Mónica Prieto Echevarría, Pilar Calvo Aedo, Agurtzane Paskual.

Irun PHC: Milagros Aramburu Beltrán, Rocío Arina Chasco, Esteban Sampedro Martínez, Oihana Saiz Alzugarai, Rosa Oronoz Lizargarte, Maisabel Maya Goya, Beatriz Larrinaga Liñero.

Iztieta PHC: Maria Angeles Sola Gaínza, Marian Ganzarain, Soledad Asenjo, Remedios Oyarzun, Rosa Espina, Onintza Aranzadi, Maddi Etxabe, Araceli de Gracia, Gemma Díaz, Laura Balague, Nuria Gañan, Eider Alberdi, Mercedes Gil, Rosa Salaverría, Mercedes Alvarez, Ana Guinea, Mikel Bagues.

Legazpia PHC: María José Lopetegui, Ramón Areizaga, Asun García, Olatz Laxalt, Lourdes Zubeldia, Idoia Garmendia, Sandra Maniegai, Izaskun Bengoa, Jon Amilibia,Ana Belén Pinilla, María Mercedes Alba, Carmen Balmaseda, Juan Miguel Urrutia, Maite Murua, Izaskun Fernández.

Llodio PHC: Fernando Fernández de Larrea Ortiz de Zarate, Begoña Huguet García, Ana Astobiza Sautua, Begoña Díaz Rodríguez, Isabel Torroba Balda.

San Martin PHC: María Asunción Fernández Rubio, María Ángeles Sedano Garate, Gemma Ayesa Pascual, María Isabel Fernández Molina, María Mercedes Martínez de Albeniz Arriaran, Justina Tobarra, María Luz Andrés Visos, María Aránzazu Elejalde López de Vergara, Manuela Vila Gómez, Estíbaliz Martínez --Alcocer

Vidal, Irina Rabalo Navarro, María Teresa Gómez Merino, José Luis Sedo Berastain, Lucia Pereda López, María Teresa Amiano Arregui, María Isabel Ibáñez López, Aurora Alcalde Lozano, María Mercedes Arroniz Perosanz.

San Vicente PHC: Amaia García Arechavala, Adelina García Roldan, Elba García Martínez, María Begoña Bao Brea, María Teresa López Torres, M Del Castañar Sánchez Gómez, Pedro Ángel Martínez Rama, Ana Isabel Pereda García-Ola, Carmen Sánchez Gutiérrez, Encarnación Santamaría Pelarda, M Jesús Aragón Miranda, Mercedes García Asenjo, Tomas Larrazabal Intxausti.

Txurdinaga PHC: Teresa Rodríguez González, Beatriz Navascues Cepeda, Belén Sangroniz Mateo, Pilar Bustamante Castaño, Begoña Nieves Etxeberria, Julián Sedano, Begoña Aguirre Larrondo, Arrate Orive, Sara de la Fuente Mediavilla, María Teresa Bárcena de Miguel, Naike Galán Fie, Purificación De Cos Rodríguez, Carmen Abalo Duran, Iratxe Gancedo, María Mar García Ramírez, Esther Etxegarai, Concepción Arizaga Valer, Eugenia Barrenengoa Pérez, Jesús María Ruiz Barrio, Javier Orbegozo Urcelay, José Ángel Fernández Gallo.

Zuazo PHC: María Jesús Galarza, Carmen Ayuso, Karmele Benito del Valle, Floreal Crespo, María Díaz de Rada, Miriam Pozas, María Felisa Loyola, Florencia Martín Gómez, María Luisa Rodríguez Ortiz de Zarate, María Consuelo Verdes, Nieves Ortego, Elena Resines, María Isabel Lázaro, Yolanda Villalba, Belén Gutiérrez Pañales, Josune López, Ana Cristina Fernández González, Begoña Arias, María Teresa Rodeño, Jon Burgos, Alicia Hormaetxea, Madalena Presmanes Medi, Begoña Ayerdi, María José Cordovilla, Concepción Estébanez.

Osarean: Raquel Roca Castro, Inmaculada Nido Menchaca, Roberto Sanchez Robredo, Maite Blanco Rodriguez, Nagore Fernandez Ruiz, Laura Gancedo Mendez, Jon Koldobika Gil Borica, Virginia Martin Ramos, Laura Gil de Muro Arce, Olatz Hurtado Lugera, Miriam Lafuente Vegas, María Estrella Muñoz Caso, Nagore Lejarza Seguin, Elena Maestre Ania, Amaia Martinez Martin, Ana Cristina Acero Duro, Alexander Alonso Fradejas, María Asuncion Calvo Goitia, Sonia Del Rio Martinez.
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